Abstract In this paper we present monitoring data of stream waters that may reflect acidic impacts on the island as well as the rainwater qualities. The pH ranges of the river water in the Kawara streams in the western part of the island and the Yodogo stream in the central part of the island were 5. 71-6.35 and 5.85-6.12 during 1992-1999, respectively. The concentrations of SO 4 2-and NO 3 -in the river water were lower than those in the rainwater. Many differences were observed among the sampling sites. Higher concentrations of acid substances are found in the stream waters of the western area compared to the other areas. On the other hand, sulfuric acid is the major acid in the rainwater, snow and rime ice. No differences were observed in the ion constituents of the rainwater collected in the areas. These results suggested that the densely growing canopy may play a role in holding air pollutants, and acidic substances deposited on the canopy would be discharged as a through-fall and a stem flow. Furthermore, the water mass containing high ionic substances in the western area has been held in the groundwater layer, continuously supplying the stream waters during dry weather days. On the other hand, part of the basic runoff will be diluted with a surface runoff during the rainy days. As a result, the concentrations of the ionic substances in the stream waters during rainy days decreased.
Introduction
In some areas of northern Europe and the northeastern USA, the acidification of lake water and stream waters due to acid deposition are of serious concern. The acidification of the water environment has produced ecological changes such as a decrease in the fish population and the forests. Although the total load of acid deposition is estimated to be the same as in Western countries, acidification of the aquatic environments has not been reported in Japan. Long-range transported air pollutants from the East Asian continent, which depends on coal as an energy sources, are supposed to be one of the major sources of acid deposition in our country (Nagafuchi et al., 1995) .
Yakushima Island, located in the southwestern part of Japan, is a remote island and it has been designated as a world natural heritage site since December 1993, because of its attractive and native forest. The vegetation on the island ranges from broad-leaved forests along the coast, temperate coniferous forests in the middle altitude and up to bamboo grasslands at the sub-alpine zone. World natural heritage sites have been selected for the conservation of valuable natural resources since long-term conservation of the forest and river ecosystems is particularly important at such sites. Therefore, it is necessary to monitor the impact of atmospheric deposition.
This study focused on the runoff characteristics of the water quality in mountainous streams on Yakushima Island. Surveys were carried out during the period from 1992 to 1999. In this study, we report the results of surveyed dates of acid deposition and mountain streams, and discuss the runoff characteristics of the acidic substances on Yakushima Island.
Material and methods

Study site
Yakushima Island is located in the East China Sea, 800 km southeast of Shanghai in China (Figure 1 ). This island is a small precipitous one with an area of 500 km2. The bedrock is divided into two groups: granite in the steep mountainous area, and sedimentary rocks and shale in the coastal area. Yakushima Island has seven mountains higher than 1800 m and the highest peak is Mt. Miyanouradake (1935 m). In addition, heavy rain is one of the characteristics of Yakushima Island, with an annual precipitation reaching about 10,000 mm in the high mountain areas and about 2000Ð 5000 mm in the coastal areas. Yakushima Island has an outstanding forest, that is, the vertical distribution of vegetation from the sub-tropical forest to sub-frigid forest with elevations from 0Ð 1935 m a bove sea level (asl), contains especially ancient Japanese cedar trees (Cryptomeria japonica) that are almost several thousand years old, and Pinus armandii var. amamiana, that is an endangered species. Therefore, Yakushima Island became the first assigned world natural heritage area in our country in 1993 from UNESCO, because of its attractive primary forest.
Sample collection
Surveys have been carried out since 1992. Rainwater, snow, rime-ice and mountainous river water samples were collected on Yakushima Island. The sampling sites are shown in Figure  1 . The rainwater data at Issou were based on previous report (Satake et al., 1998) . Samples of rainwater at Nageshi (Station N1, 1720 m asl) and Kawara 2 (Station K2, 250 m asl) were 
Analytical methods
The samples were taken back to the laboratory in cooled containers and the filtration operations were performed immediately. Rime ice and snow samples were left at room temperature and melted. A melted rime and snow sample and the rainwater and river water were then filtered using a membrane filter (Advantec, 25 mm∆, pore size 0.45 mm). For the soluble components, pH, EC and major ions, a pH meter, a conductivity meter and an ion chromatograph were used, respectively.
Results and discussion
The pH, EC and the precipitation weighted mean concentrations of Cl Ð , NO 3 Ð , SO 4 2Ð , NH 4 + , Ca 2+ , Mg 2+ , Na + and K + in the rainwater at Issou, and the pH, EC, and the concentrations of the same anions and cations in the rainwater, snow and rime ice collected on a high mountainous site and in the Kawara area, which is located in the western part of the island, are shown in Table 1 . The pH range of the rainwater collected at Issou in the northern part of the island was 3.9Ð 6.0 for 1994Ð 1996. The concentrations of SO 4 2Ð , NO 3 Ð , and other anions and cations in the rainwater have seasonable changes and vary with the precipitation. In particular, the pH of the rainwater at Station N1 and Station K2 shows a tendency to become lower in the winter than in the other seasons. In addition, SO 4 has the same tendency. Moreover, there was a stronger tendency for the snow and rime ice samples. The major acid in the rain, snow and rime was sulfuric. Based on these data and back trajectory analysis Figure 2 The water quality of a mountainous stream on Yakushima Island (Nagafuchi et al., submitted) , these phenomena are caused by the long-range transport of acid substances from the Asian continent.
The water quality of a mountainous stream on the island, which we focused on its acid deposition, is shown in Figure 2 . From the results, the water quality of the western part of the island has a distinguishing feature, i.e. a low pH, and also a higher concentration of EC and SO 4 2Ð . On the other hand, the characteristics of water quality of the central island, that is, the high mountainous area, were a low pH and EC, and also a lower concentration of SO 4 2Ð and NO 3 Ð . Accordingly, we focused on the two sites: the Kawara area and Yodogo, to investigate the runoff acidic substances throughout the watershed to a mountainous stream. The pH, EC and concentrations of major ions in mountainous stream waters on the island are shown in Table 2 . The pH ranges of the river water in the Kawara streams in the western part of the island and the Yodogo stream in the central part of the island were 5.71Ð 6.35 and 5.85Ð 6.12 during 1992Ð 1999, respectively. The concentrations of SO 4 2Ð and NO 3 Ð in the river water were lower than the rainwater. Many differences are observed among the sampling sites. Higher concentrations of acid substances are found in the stream waters in the western area compared to the other areas. Figure 3 Location of Kawara
The watershed of the Kawara streams, which is located in the western part of the island, has been covered with one of the greatest evergreen broad-leaved forests in Japan. The area is very steep having an average incline of 20¼ from the summit of Mt. Kuniwaridake to the coastline (Figure 3) . However, the ion constituents in the stream waters of the area are higher than those of the other watershed on the island. No differences are observed in the ion constituents of the rainwater collected at each site.
For the reasons why higher concentrations of acidic substances are found in the stream waters in the western area, the densely growing canopy may play a role in holding the air pollutants, and acidic substances deposited on the canopy would be discharged as a through fall and a stem flow. Furthermore, the water mass containing high ionic substances in the western area is held in a groundwater layer, and continuously supplies the stream water during dry weather days. On the other hand, we observed that the concentration of Cl Ð in the stream water decreased to the level of rainwater during rainy days. It is conceivable that part of the basic runoff will be diluted with the surface runoff, because the source of Cl Ð in the stream water depends on the rainwater.
Conclusions
Since 1992, we have surveyed the air pollutants presents in the rainwater, snow and rime ice samples on Yakushima Island, and we have found that most of the pollutants originate from the Asian Continent. In addition, we have been monitoring the stream water quality on Yakushima Island. Based on the relationship between the acid deposition and the stream water quality, it became clear that the formulation process of the water quality depends on the water quality of the rainwater. It indicates that there is a risk of acidification of the stream waters due to increased of acid loading from the Asian continent on Yakushima Island in the future.
